down to 100-150 c.c. per minute and oxygen to 230-300 c.c. per minute, in other words to as near the basal rate as can be judged, the bag being full enough to accommodate the tidal respiration. Thereafter the flow of cyclopropane is very gradually reduced, depending upon the plane of anaesthesia desired. This rate can be anywhere between 100-20 c.c. per minute, but I find that the lower rate is not reached until at least thirty minutes have elapsed. This, no doubt, is due to the fact that the blood and tissues have not become fully saturated with cyclopropane until then. Should greater depth of anaesthesia be required, the rate is increased another 10-40 c.c., which is usually sufficient.
Observations.-Induction is generally smooth and I have noticed no untoward signs such as cessation of respiration, arrhythmia, bradycardia, or tachycardia, which may occur with a faster rate of flow of cyclopropane administration. I also feel that with this continuous-flow method of administration of cyclopropane, one can maintain the level of anaesthesia required with the greatest of ease, mainly due to the fact that there is a continual replacement of this gas, lost at the site of the wound, from skin evaporation, and from gas-bag and connexion leakages. In addition, the necessary amount of gas required for anesthesia is maintained.
My experience covers a variety of operations, varying from those requiring deep anmesthesia-such as gall-bladder operations, to those requiring light anaesthesiasuch as perineal repairs and cystoscopies.
With the first two cylinders (20 gallons capacity) of cyclopropane I used, the cost per case, taking on the average 58 minutes' duration and using 13 gallons, was approximately 2s. 9d. This, I think, compares favourably with any other method.
Reference.-BURFORD, (G. E. (1936) , Current Researches in Anwsth. anzd Analg., 15, 254-259. [Februtary 4, 1938] The Trend of Modern Anwsthesia for Upper Abdominal Surgery By H. K. ASH\WORTH, M.B., M.R.C.S., D.A.
TEN years ago anaesthesia for upper abdominal surgery was comparatively easy. Ether was not only the foundation, but also the superstruicture of deep aneesthesia. As there was practically no alternative, except chloroform or C.E. mixture, everyone was more or less satisfied.
Nowadays the patient makes three very sensible demands: (1) To go to sleep in bed.
(2) Eventually to wake up. (3) Not to be sick.
The surgeon demands: (1) Profound muscular relaxation.
(2) Minimal abdominal respiratory movement. (3) Minimal bleeding due to the aneesthetic agent. (4) Minimal anaesthetic shock. (5) Minimal post-operative saturation with toxic anaesthetic drugs. (6) Minimal use of respiratory irritants.
The trend of modern practice is to aim at fulfilling all these requirements not, as a rule, with one set drug or technical method, but with a combination of drugs and methods of administration, such as : (1) Local infiltration. (2) Basal narcosis combined with nitrous oxide and oxygen, carbon dioxide absorption plus minimal ether or vinesthene, added as adjuvants for short periods during the operation. I should like at the outset to draw a very clear distinction between anaesthesia for emergency and anoesthesia for " quiet "-upper abdominal surgery. I will deal first with the latter.
There is one welcome trend, which will I hope, with the ever-growing co-operation of surgeons, become rapidly established. This is the realization of the enormous benefit to the ambulatory patient of undergoing some part of his preparation for a week or more before operation. One can appreciate and sympathize with the natural reluctance of an ambulatory patient to delay entry to a nursing home or hospital until the last possible moment, but it seems to me that a period of two weeks, or even of one week, of training for the heavy physical strain of an upper abdominal operation Section of Anacsthetics 447 and anaesthetic is eminently sensible. The suggested measures, which involve no great hardship, are: (1) Treatment of any existing dental sepsis. (2) Reduction to a minimum of tobacco and alcohol consumption. (3) Bed-time at 10 p.m. (4) Progressive reduction of daily time spent at business, with, if conditions permit, increased time spent in fresh-air surroundings. (5) Careful attention to bowel action and permitted dietary. (6) Assimilation of glucose during the forty-eight hours before operation. (7) Avoidance of contact with persons suffering from nasopharyngeal infections. The ideal would be to hand a printed slip containing these or similar directions to every patient at the time when the operation is decided upon, explaining that they are devised solely to secure his greater comfort and well-being during and after operation and anaesthesia.
(1) Local ancesthe8ia.-In a consideration of the actual anaesthetic drugs for quiet upper abdominal surgery, it is convenient to begin with local anaesthesia.
The recent work of Ogilvie (1935) has rekindled interest in this method, particularly in gastric and duodenal surgery. The advantages claimed for it are that: (i) It is non-toxic. (ii) It is comparatively bloodless. (iii) There are no postaneesthetic complications.
It has occurred to me-as an observer of several cases operated upon by means of this technique that it has three disadvantages, namely: (i) More time is required for the operation. (ii) The operative field is limited, and a general exploration of the abdomen is impossible. (iii) Profound shock may occur; in one case it was necessary to introduce an intravenous saline during operation in order to combat an alarming fall in blood-pressure.
Until the introduction of cyclopropane, it was probably the method of choice in the surgical treatment of bleeding ulcer in the pale, thin, anaemic patient, with a low blood-pressure, a soft rapid pulse, and little vital reserve. It will be interesting to observe the future trend of anaesthesia for this particular type of case. My guess is that, in this country at any rate, in a few years' time cyclopropane may possibly be considered preferable to local anaesthesia.
(2) Basal narcosis, combined with nitrous oxide and oxygen. carbon dioxide absorption, with minimal ether or vinesthene as an adjuvant.
With the use of a long-acting basal narcotic, such as avertin, this method yields good results. My own practice is to pour vinesthene into the empty chloroform bottle of whatever apparatus I happen to be using. When it is used in this way, as an adjuvant, the total time of administration, even during a long operation, does not exceed the safe limit of thirty minutes suggested by authorities (Bourne, W., and Raginsky, B. B., 1935) beyond which liver damage might occur. The drawback to this method is that it subjects smoothness of aneesthesia to some degree of hazard, as for example when a cholecystectomy is nearing completion, the level of aneesthesia is comparatively light, and the moment arrives to add ether or vinesthene. One is so easily caught on a Morton's fork. Either one increases the respiratory volume so that the comparative peace existing within the abdomen is disturbed, or else one strengthens the vapour too quickly, and straining results.
(3) Spinal anwesthesia.-This method, using the 1: 1,500 solution of percaine, undoubtedly provides ideal muscular relaxation, and minimizes both abdominal respiratory movements and haemorrhage. The needs of the patient may be satisfied by the administration of a minimal dose of a short-acting barbiturate such as evipan, prior to the actual intrathecal puncture, with a continuation of unconsciousness by means of nitrous oxide and oxygen.
It is unfortunate that a long-acting basal narcotic, such as avertin, does not go well with high spinal anaesthesia, because this combination would theoretically supply satisfaction to patient, surgeon, and anoesthetist. I may have been unlucky, but I have not been happy in my experience of avertin and high spinal block. I saw too often the ominous restless movements of the arms and head, accompanied by sighing respiration, not heralding recovery from avertin, but denoting the presence of a dangerous degree of anoxaemia. Despite often repeated contrary statements, some degree of fall in blood-pressure, is a normal physiological accompaniment of high spinal anaesthesia, and the conjoined use of any basal narcotic other than a minimal dose of a short-acting drug is to be condemned, as it also inevitably causes some degree of respiratory depression, and fall in blood-pressure. One difficulty which is sometimes encountered, particularly in hospital practice, is that of the alcoholic type of patient. undergoing a gastric operation under high spinal anaesthesia, who does not take kindly to the administration of light nitrous oxide and oxygen, and with the unanaesthetized portion of his anatomy, makes a creditable attempt, in difficult circumstances, to struggle.
High spinal anaesthesia alone, except for a preliminary dose of omnopon, scopolamine, and ephedrine, is possibly the best anaesthetic for this type of patient. Unfortunately, this method nearly always disturbs the patient because of what I call the ' vago-traction-nausea " reflex. I tried to overcome this by persuading the surgeon as soon as he had opened the abdomen, to infiltrate round the aesophageal opening of the diaphragm with 1% novocain solution, in order to block, at any rate partially, the passage of vagal stimuli. This was a great success until on one occasion, shortly after the novocain injection, a patient suddenly complained of respiratory embarrassinent. Having hastily verified the fact that the spinal anoesthetic had not extended upwards to the cervical region, I suddenly realized that the novocain solution had blocked not onlv the vagi, but also, evidently, the terminal distributive branches of the phrenic nerves. The patient made a good recovery, but this method of blocking the " vago-traction-nausea " reflex stands condemned.
There is one upper abdominal operation, more or less of election, for which I cannot help thinking that the trend of anaesthesia will be increasingly to use high spinal block. I refer to the operation for the relief of obstructive jaundice, particularly when (lue to a stone tightly wedged in the common bile-duct, necessitating, for adequate surgical access, both profound muscular relaxation and minimal abdominal respiration. At the moment, there appear to be only two anaesthetic agents which will fulfil these exacting surgical requirements yet will add no further burden to an already badly (lamaged liver function. These are high spinal block, with or without nitrou.s oxide and oxygen, and cyclopropane. I have hesitated to use cyclopropane, in view of the delayed coagulation time of the blood in jaundiced patients, and it will be interesting to hear later any reports of its use in such cases.
(4) Basal narcosis and cyclopropane.-A useful combination is a dose of 0)075 or 0-08 grni. per kilo body-weight of avertin, plus atropine gr. -1 L., in order to counteract any increased secretion, under cyclopropane anoesthesia, which appears to be largely thin salivation in the mouth, and not, as when ether is used, thicker pharyngeal mucus. The addition of cyclopropane gives a resulting anaesthetic which provides good muscutlar relaxation, and which, in my limited experience, appears to be non-toxic, and also non-irritant to the respiratory tract. The high percentage of accompanying oxygen essential duiring the administration of so powerful an anaesthetic agent as cyclopropane is of great advantage at the time, although it may become a drawback during recovery. Another advantage of cyclopropane is the ease with which it lends itself to Guedel's method of artificial control of respiration, which is often so helpful to the surgeon during delicate manceuvres in the upper abdomen. The disadvantages of avertin and cyclopropane are (1) The comparatively high cost of administration. (2) Occasional difficulty in obtaining muscular relaxation before respiration has become depressed, and even after resource to squeezing the rebreathing bag. Probably this is due more to technical inexperience than to the fault of the drug; this was certainly my impression in the two cases of this nature which I have encountered. (3) Increased blood-pressure, with consequent increased bleeding. My observation is that oozing in the tissues of the abdominal wall is increased, but that there is little or no noticeable increase in intra-abdominal haemorrhage. I have used avertin and cyclopropane for quiet cholecystectomy uncom-448 6 Sectton of Ancesthettcs 449 plicated by jaundice, without any noticeable increase in oozing from the raw surface of the liver, or complaint on this score from the surgeon. (4) As has been pointed out (Nosworthy, 1937) a patient who has for an hour or more lived in an atmosphere rich in oxygen and carbon-dioxide absorption may become anoxaemic if his respiratory system is suddenly decontrolled and left to breathe ordinary atmospheric air. I have on one occasion encountered this complication, and am still puzzled as to the correct physiological technique of decontrol. The one which I employ is to shut off the absorber as soon as the peritoneum is closed. Whenever respiration begins to deepen, the expiratory valve is opened and the administration of nitrous oxide and oxygen is begun, with a cautious addition of carbon dioxide when the respiratory rate and volume have increased to normality. During the skin suturing and application of dressings, the patient is disconnected from the machine for intermittent periods of atmospheric breathing before the administration of gases is finally stopped.
The following case provides an illustrative example of the scope and use of avertin and cyclopropane in upper abdominal surgery:
The patient, a man aged 57, was admitted to hospital on June 8, 1937, with a history of intermittent left-sided abdominal pain of ten months' duration, and for eight months, of a swelling in the left upper abdomen and of embarrassed respiration, both of which had since steadily increased. He had had a laparotomy performed elsewhere six months previouisly, with no relief, and was now at the end of his tether.
On examination.-The patient looked ill and annemic. He had a large abdominal tumour arising from below the left costal margin and extending downwards to the umbilicus and two inches to the right of the mid-line. For a week before operation, the pulse-rate varied between 84 and 108 and the respiratory rate between 20 and 26. The blood-pressure; rather surprisingly, was 140/80. The blood-count was as follows: R.B.C. 2,230,000; Hb. 42%; C.I. 0 95; W.B.C. 9,400.
In the case of this very ill man, with no vital reserve, and with this huge tumour, the problem was to decide which anaesthetic would give him the best chance of leaving the table alive. He was given 0 * 075 grm. of avertin per kilogram, atropine gr. e'i, and cyclopropane. The actual operation was even more difficult than had been anticipated.
The tumour was a vascular retroperitoneal sarcoma, inseparable from the spleen, the posterior wall of the stomach, and the tail of the pancreas. It was removed en masse, and stomach was repaired. 600 c.c. of citrated blood were administered intravenously, during operation, and the patient was returned to the ward on a blood-drip.
The accompanying chart (p. 8) shows a typical rise of blood-pressure and fall in respiration after the commencement of administration of cyclopropane. This patient survived the immediate post-operative period, but unfortunately died two days later, probably from peritontis.
It is, of course, quite impossible to prove, but one cannot help feeling that this patient would have died on the table without the stimulating help of cyclopropane.
Next I put forward for consideration the problem of aneesthesia for emergency upper abdominal surgery. In this type of case-dealing as we so often are, with a patient whose physical resources are already severely taxed by shock, or toxaemia, or dehydration, or even by all three-it is of the utmost importance that no extra strain shall, if avoidable, be contributed by anaesthetic drugs, which may be respiratory irritants, added toxins during excretion, or likely to produce post-anaesthetic vomiting. An added difficulty is the distension and rigidity so often associated with an acute abdominal lesion, and necessitating, for adequate surgical treatment, deep anaesthesia. In adult patients, provided that the general condition is sufficiently good, spinal aneesthesia, and nitrous-oxide-and-oxygen is perhaps the only anaesthetic which seems to fulfil the requirements of the surgeon without adding to an already existing toxaemia, except when the emergency is due to intraperitoneal hoemorrhage.
The proviso as to the general condition of the patient is important. It is impossible too often to reiterate that spinal anaesthesia is the sure way of killina the moribund, and particularly the dehydrated patient suffering from acute intestinal obstruction. The blood-volume of such patients is so shrunken that they are unable to cope with the physiological fall of blood-pressure under high spinal anaesthesia, and a fatal medullary anaemia results. A patient suffering from acute intestinal obstruction 8 1FME should receive at least 12 pints of normal saline intravenously before spinal anaesthesia is even considered.
For the poor risk, or for the patient suffering from intraperitoneal hemorrhage, unfitted for spinal aneesthesia, there were, until recently, only two alternativesgas-oxygen-ether, calculated to bring the patient safely through a hurried operation, but liable fatally to tip the scale in the depressing reaction inevitably associated with recovery from ether ancesthesia, or local field-block, perhaps with gas-and-oxygen, and some limitation of surgical access. Cyclopropane has possibly supplied a new trend in anaesthesia for these most anxious cases, as illustrated by the following:
A short, stout woman, aged 75, and weighing approximately 15' stones, was operated upon for torsion of the pedicle of an ovarian cyst. Although not strictly an upper abdominal operation, there were two factors which made it worthy of this classification, namely that the pedicle was long, and the cyst adherent, and that there was considerable associated reflex abdominal distension, which had, to some extent, obscured the diagnosis. The patient was extremely ill and collapsed, and, as anti-shock treatment was ineffective, operation became imperative. One hour before operation, she received omnopon gr. , scopolamine gr. sJw, and atropine gr. -i, on account of the presence of slight chronic bronchitis. Cyclopropane was administered, resulting in a noticeable improvement in the general condition, and the provision of adequate anesthesia. Convalescence, although anxious owing to her age and poor general condition, was uninterrupted until the eighteenth day after operation, when a pulmonary infarct developed, but she is now making a good recovery.
Whatever may be said as to the undesirability of the rise in blood-pressure associated with cyclopropane or carbon dioxide absorption (for the blame has not yet conclusively been apportioned), a rise in blood-pressure is welcome to the anxious anmesthetist in this type of case. Doubtless it may be achieved with gas-oxygen and ether, but only with the possibility of detrimental after-effects which, in my limited experience, are fortunately lacking after the administration of cyclopropane.
